We decomposed the signals representing the variation of fish community composition, fish density, and biomass in the littoral zone of a lake to assess the relative contributions of a series of spatial scales to the overall signal. We also quantified the relationship between variations of fish community descriptors and environmental conditions at different spatial scales. This was done using a new statistical tool, Principal Coordinates of Neighbor Matrices (PCNM), that detects and quantifies patterns over a wide range of spatial scales. The fish community exhibited scaledependent variability that we grouped in four categories characterized by four submodels at spatial scales ranging from 2 km (very broad scale) to less than 100 m (fine scale). These scales were associated to specific environmental variables. This suggested the presence of scaledependent ecological processes within the lake. Functional groups of species were viewed in a spatial context according to the range of spatial scales to which they were associated. Cyprinids and small-size species displayed a multiscale spatial distribution, whereas the distribution patterns of zoobenthivores were restricted to a single spatial scale. This study provides a quantitative support to the perspective that the littoral zone of lakes should be perceived as a hierarchical arrangement of habitats that differ not only by the environmental conditions among them but also by the spatial scales at which environmental conditions vary within them.
Introduction
Littoral zones represent the most diversified, productive, and heterogeneous portions of lakes (Wetzel 1990 ). They are characterized by a diversity of micro-habitats composed of a variety of physical and biological structures that result in complex biological interactions (Werner et al. 1977; Chick and McIvor 1994) . Fish communities of the littoral zone are thus commonly exposed to a structurally complex environment over multiple spatial scales ranging from millimeters (e.g. foliage structure of macrophytes) to hundred of meters (e.g. distance between weed beds or tributaries (Weaver et al. 1997) . Consequently, the interactions between littoral fish communities and their habitat may take place at different spatial scales. Hence, both the abiotic and biotic factors observable at different spatial scales may influence the structure of fish communities.
The word 'scale' has been commonly used in various contexts and with multiple meanings (Gozlan et al. 1998; Eagle et al. 2001 ; Thompson et al. 2001) . Dungan et al. (2002) provided a framework to define 'scale' in ecology. According to these authors, the spatial scale of a study may be related to three specific concepts: observation (sampling) scale, scale of spatial analysis, and scale of ecological phenomena. In this study, the word scale is employed in the context of the scale of spatial analysis.
The spatial scale at which a study is conducted has a great influence on the perceived effect of environmental factors on fish community descriptors. It is expected that the relative importance of a suite of environmental variables explaining the variation of descriptors of fish communities may vary with the spatial scale at which observations are performed (Syms 1995) . This is essentially related to the expectation that community descriptors observed at any given scale may be the result of processes occurring at different spatial scales (Imhof et al. 1996) . The development of relationships between community descriptors and environmental conditions across a wide range of spatial scales represents a stepping stone in the understanding of scaledependent ecological processes (Wiens 1976; Menge and Olson 1990) .
Mathematical approaches are increasingly used to study the distribution of fish at multiple spatial scales (Syms 1995; Poizat and Pont 1996; Bult et al. 1998; Wilson 2001) . By identifying relationships between fish community descriptors and environmental conditions on a spectrum of spatial scales, these approaches may be thought of as reflecting the perception an organism may have of its environment, rather than the perception of the investigator. Consequently, these approaches not only enhance the comprehension of the structure of fish communities, they also improve our assessment of fish habitat requirements (Bult et al. 1998 ). Borcard and Legendre (2002) and Borcard et al. (2004) have recently developed a statistical method, Principal
Coordinates of Neighbour Matrices (PCNM), which may be used to describe the dominant spatial scales at which species are responding. In comparison to other multiscale approaches which operate at a few selected scales, this method presents the advantage of operating over a wide range of spatial scales. The PCNM method is based on the spectral decomposition of a survey space into a complete series of spatial scales under a spatially continuous sampling design.
In this study, we used the method of Borcard and Legendre (2002) and Borcard et al. (2004) to investigate the multiscale distribution of a fish community in a lake located on the Laurentian shield in Québec (Canada). We specifically tested four hypotheses: (1) the variance of the littoral zone fish community data can be decomposed into fractions of variance corresponding to different spatial scales, (2) the structures of fish communities perceived at different spatial scales can be related to environmental variables that vary at these scales, (3) the spatial scales at which a fish community is structured, as well as the explanatory potential of environmental variables, may vary within a season, and (4) the species can be classified from generalists to specialists according to the range of spatial scales to which they are associated.
Methods
Study lake -Sampling was conducted in Lake Drouin (46 (Figure 1 ). Lake Drouin was selected for this study because it has a diversified littoral zone with woody debris, rocky substrate, sandy beaches, and patches of macrophytes of mixed species such as the water shield Brassenia schreberi, pipewort Eriocaulon aquaticum, Eurasian milfoil Myriophyllum spicatum, and waterlilies Nymphea sp. This mesotrophic lake has a surface area of 31 ha, a maximum depth of 22 m, and a perimeter of 4.8 km (calculation based on the sum of the size of each sampling unit).
The water column is thermally stratified from May to October. During this period, surface water temperature ranges from 15ºC to 26ºC and bottom temperature from 4ºC to 8ºC. The thermocline forms at 4.5 m depth in mid-June and breaks down in early October.
Sampling procedure -A series of fish community descriptors and physical variables were quantified over 90 sites that covered the complete perimeter of the study lake. The length of a sampling site was defined by its shore length; the mean length was 53.9 m (range: 40.6 to 67.2 m). The width of a sampling site (5 to 10 m) was determined by the distance from the shore to the 3 m depth isobath. The limit of 3 m was adopted because it corresponded to the depth at which all fish observed could be correctly counted and identified to the species level while snorkeling. The mean width of a site was 10.5 m (range: 9 to 12 m). Geographical coordinates were estimated at each site using a global positioning system (Garmin -GPS 12) with a precision of ± 10 m. The perimeter of the lake was further separated in two sections comprising 48 (Section 1) and 42 sites (Section 2). These sections were surveyed during two consecutive days (i.e. Section 1 was sampled during Day 1 and Section 2 was sampled during Day 2). This procedure was used because a maximum of 50 sites could be surveyed within 4-5 h. Sampling was limited to this time interval each day because local fish community composition may change among periods within a day (dawn, mid-day, dusk; Keast and Harker 1977) . The sites were surveyed three times (i.e. on six consecutive days) in the spring (from 25 June to 30 June) and again during the summer (from 29 July to 4 August). The sites from the two consecutive days (i.e. two sections) were put in the same data file representing the complete perimeter of the lake as a circular continuum. The data of the three pairs of days (i.e. three complete perimeters) were then added within homologous sections of the lake. This addition of the sections was done to minimize the effects of daily variations of fish community characteristics at each site. The justification for this procedure is given in the Web Appendix 1.
Fish community sampling -Survey of the fish community was done using a modified version of the visual survey technique described by Harmelin-Vivien et al. (1985) . This technique requires two observers that snorkel at the water surface, performing zigzags over the complete length and width of a sampling site, following a trajectory globally parallel to the shore. During the surveys, the distance between the two observers was kept to approximately 4 m. This technique allowed the observers to cover 90% of the total area of each site. The observers maintained a constant swimming speed of 10 m min -1 to minimize fish disturbance (Eklöv 1997) .
The snorkelers noted their observations on plastic PVC cylinders. They identified the species, their relative abundances, and the approximate sizes of the fish (Table 1) as they progressed along the transect. The relative abundance of fish was noted in six classes: 1 = 1 individual; 2 = 2 individuals; 3 = 3 individuals; 4 = 4-5 individuals; 5 = 6-9 individuals, and 6 = 10 individuals and more. Table 1 shows the species size classification that was used during the surveys.
Brind' Amour and Boisclair (2004) recently compared visual surveys to seine catches for a set of community descriptors. They found that most of the descriptors obtained by visual surveys were estimated with an accuracy similar to that of seining. The total fish density and relative fish biomass were underestimated during visual surveys. However, both descriptors showed similar patterns across the different habitats in lakes. This study suggested that mapping the spatial distribution of total fish density and relative fish biomass with visual surveys based on the approach described above may be appropriate when these descriptors vary at least two-fold among the sampling sites.
Computations -The fish community at each site was characterized using three types of descriptors: the community composition, total fish density, and relative fish biomass. The total fish density was calculated by dividing the total fish abundance by the unit area of the sampling site. Since the abundance data (n i ) obtained during the visual surveys were collected in classes, we transformed them into abundance values as follows: 1 (= 1 individual), 2 (= 2 individuals), 3 (=3 individuals), 4 (= 5 individuals), 5 (= 8 individuals) and 6 (= 10 individuals). This change of state of the abundance data from ordinal to quantitative allowed us to compute the community descriptors. The relative fish biomass (B) for any combination of species and size class was estimated as:
where n i,s is the number of fish per species per size class and W i,s is the average fish mass (grams)
per species per size class estimated using the length-mass relationships published in Schneider et al. (2000) and from relationships estimated in our laboratory for Laurentian lakes (Comeau & Boisclair, unpubl.) . 
Statistical analyses
Multiscale patterns -The detection and quantification of spatial patterns over a wide range of scales were done using the PCNM method proposed by Borcard and Legendre (2002) and Borcard et al. (2004) . Using the geographical coordinates of our sampling sites, we constructed a matrix of Euclidean distances among the sites. We truncated the matrix to retain the distances between neighboring sites. The distances larger than a threshold value, chosen to be the largest distance between the centers of two contiguous sites, were replaced by an arbitrarily very large value equal to four times that threshold. For instance, the largest distance between two contiguous sites in our study was 100 m. We replaced all the values of non-neighboring sites by a value equal to 400 (4 x 100 m). The distance between the first and last site was also retained in order to form a closed loop which depicts the natural structure of a lake shore ( Figure 2 ). We PCNM variables correspond to a series of sinusoids with decreasing periods. Based on the similarity of their periods, the significant PCNMs were grouped into submodels. These submodels are linear combinations of the significant PCNMs pertaining to a given scale. Only the submodels of significant PCNMs associated to the first canonical axis were analyzed. The second canonical axis was either not significant or represented less than 5% of the total variability of the fish community.
Species abundance data -An RDA was calculated using the species matrix as the response data and each spatial PCNM submodel, in turn, as the explanatory variable. The loadings of the species scores from the RDA provided the contributions of the species to each spatial submodel.
Environmental variables -A multiple regression analysis with forward selection was carried out using SPSS (SPSS 1999) . The environmental variables were used to explain the submodels describing the spatial distributions of the fish community descriptors (i.e. community composition, total fish density, and relative fish biomass) at each spatial scale. The threshold probabilities for the partial F-statistics used in the selection were p = 0.05 to include and p = 0.10 to remove a variable.
Results
A total of 10 472 fish pertaining to eight species were observed in the 90 sites visually surveyed in our study. Of these fish, 59% were observed in June whereas 41% were observed in 
Classification of spatial scales
The variance of the littoral fish community was decomposed with respect to submodels of significant PCNMs. Based on the similarity of their periods, the PCNMs were grouped into four submodels: a very broad-scale submodel with a range nearly 2 km, corresponding to PCNM 1 and 2; a broad-scale submodel ranging from 500 m to 1000 m, corresponding to PCNMs 3 to 9; a meso-scale submodel ranging from 200 m to 450 m which corresponded to PCNMs 10 to 35; a fine-scale submodel with a range less than 100 m corresponding to PCNMs 36 to 60.
Multiscale patterns
June -The three descriptors of the fish community displayed spatial variability across 19 of the 60 PCNMs (Table 3) . These principal coordinates accounted for 20%, 42%, and 46% of the among-site variability of community composition, of total fish density, and of relative fish biomass respectively. The PCNMs were grouped into four submodels, ranging from very broad to fine scale.
At very broad scale, only N. crysoleucas (Nocr) showed a significant distribution (Table 4a ).
The density of N. crysoleucas ranged from 0.00 to 0.10 fish m Only S. atromaculatus (Seat) was correlated to the broad-scale model (Table 4a ). The density of S. atromaculatus ranged from 0.00 to 0.12 fish m , respectively. These two descriptors reached their highest values at the tip of the elongated bay in the southern portion of the lake, along the north-eastern shore and on the west side of the lake (Figure 4b ). The environmental variables that significantly contributed to the broad-scale submodels were similar among the community descriptors (Table   5) ; they explained 26%, 17%, and 36% of the among-site variability in community composition, in total fish density, and in relative fish biomass. Littoral slope (Lit: b= -0.376) was the variable contributing most to the community composition submodel. The presence of woody debris (S8: b= 0.279) and the riparian slope (Riv; b= -0.409) were the environmental variables contributing most to the total fish density and relative fish biomass submodels. Other variables related to the type of substrate (sand: S1 or boulders: S4), were also contributing for the three submodels.
At meso scale, the three types of community descriptors displayed spatial dependency. Two different spatial distribution patterns could be observed (Figure 5a (Table 5 ) explained 20% of the community composition, 30% of the variance of relative fish biomass and a rather small proportion (5%) of the variability of the total fish density. The bottom cover by macrophytes (Cov: b= 0.304; b= -0.371) contributed most to the community composition and relative fish biomass submodels. The fetch (Fet) and the emergent macrophytes (Emer) also contributed to the community composition and relative fish biomass submodels. The presence of tributary (Trib) and presence of riparian forest (U2) were the two other variables associated to the meso submodel of the relative fish biomass. Total fish density was only associated to riparian trees (Tree: b= -0.217).
Only the PCNM submodels for the community composition and relative fish biomass displayed spatial dependency at fine scale. They showed similar spatial distributions within the lake; patches of high abundance and relative fish biomass estimates were regularly distributed along the shore (Figure 6a ). The species scores showed that P. flavescens (Pefl; range: 0.00 to 0.08 fish m ) were distributed in small patches, less than 100 m long and fairly regularly spaced along the shore of the lake.
Relative fish biomass ranged from 0.34 to 15.91 g m -2
. The abundances of the four species were not explained by any environmental variable (Table 5) , whereas the presence of tributary (Trib:
b= -0.228) moderately contributed to the relative fish biomass model at that scale (R 2 = 0.052).
August -The three community descriptors displayed spatial variability similar to that in June, across 24 of the 60 PCNM variables (Table 6 ). These principal coordinates accounted for 23%, 48%, and 46% of the community composition, total fish density, and relative fish biomass respectively. The PCNMs were grouped into four submodels, ranging from very broad-scale to fine-scale.
The community composition, total fish density, and relative fish biomass displayed the same spatial distribution within the lake at very broad scale (Figure 3b ). Species scores indicated that the abundance of L. gibbosus (Legi) ranged from 0.01 to 0.14 fish m ) were found in the western part of the lake (Figure 3b ). High proportions of the variability of community descriptors were explained by the environmental variables (Table 7 , community composition: 72%; total fish density: 76%; relative fish biomass: 76%). Fetch (Fet) was the environmental variable that contributed most to the three very broadscale submodels (b=-0.749; b= -0.802; b= -0.802). The abundance per species was explained by three other environmental variables that contributed to the submodel: the density of emergent macrophytes (Emer), bottom cover by macrophytes (Cov), and presence of riparian trees (Tree).
The total fish density and total biomass submodels were explained by the same environmental variables: the presence of riparian tree (Tree), density of emergent macrophytes (Emer), riparian slope (Riv), and sand as substrate (S1).
The three descriptors displayed similar spatial dependency at broad scale in August (Table 6 ).
Four species were distributed along the northern and southern parts of the lake (Table 4b and . They displayed the same abundance pattern as F. diaphanus. The environmental variables explained 14%, 29%, and 33% of the spatial variation of the community composition, total fish density, and relative fish biomass ( Table 7) . At that scale, the percent contribution of boulders to the substrate (S4) was the environmental variable that contributed most to all submodels (b= -0.373; b= -0.420; b= -0.536). Woody debris (S8) was the other variable that contributed to the total fish density model, whereas rock as substrate (S3), the presence of riparian tree (Tree), and bottom cover by macrophytes (Cov) contributed to the relative fish biomass submodel.
At meso scale, all community descriptors also displayed the same spatial distribution within the lake (Figure 5c ). They displayed patches ranging from 100 m to 500 m along the shore. The species scores indicated that L. gibbosus (Legi; range: 0.01 to 0.14 fish m . Only the PCNM submodels for the community composition (13%) and relative fish biomass (15%) could be explained by environmental variables at that scale ( Table 7 ). The submodel of the community composition and relative fish biomass were both explained by the presence of riparian trees (Tree: b= -0.208; b= 0.389).
Relative fish biomass was exclusively explained by that environmental variable whereas community composition were also explained by bottom cover by macrophytes (Cov: b= 0.266).
At fine scale, only the total fish density and relative fish biomass displayed significant submodels ( Figure 6b , respectively. A fairly small proportion of the total fish density variability (5%) was explained by the presence of a beach (U3: b= 0.217), whereas no environmental variable explained the relative fish biomass submodel (Table 7) .
Discussion
The spatial components explained on average 37.5% of the fish community variability in Lake Drouin. The littoral fish community displayed spatial dependency at multiple spatial scales.
These scales were grouped into four categories characterized by several spatial ranges that varied from a very broad scale (nearly 2000 m), a broad scale (from 500 m to 1000 m), a meso scale (from 200 m to 450 m), to a fine scale (less than 100 m). Following the hierarchy theory of Allen and Starr (1982) , our study suggests that Lake Drouin may be primarily structured by the fetch, a very broad-scale physical process. Through energy inputs, fetch may have influenced the appearance of various physical structures (i.e. rocky substrates, woody debris, and macrophyte beds) at finer spatial scales (i.e. broad and meso). These scale-dependent habitats (Table 8) influence in turn the littoral fish community, likely causing scale-dependent ecological processes to appear within the lake. The influence of scale-dependent habitats on fish community have been observed for coral reef communities (Syms 1995; Eagle et al. 2001; Gust et al. 2001; Wilson 2001 ) and rivers (Poizat and Pont 1996; Lohr and Fausch 1997; Magalhaes et al. 2002) .
However, there is, to our knowledge, no other study that showed that littoral fish communities within lakes are also structured over multiple spatial scales. This is mainly because most of the within-lakes studies often concentrate on aspects associated to fine-scale habitat partitioning, addressing questions related to competition or other species interactions, therefore restricting the sampling effort to a limited range of abiotic factors (Jackson et al. 2001 ). Since our study covered the complete perimeter of the littoral zone using a fine-scale sampling unit (~50 m), we were able to relate fish community variation to a broad range of environmental variables.
Scale-dependent habitats
At the very broad scale, fetch (b= 0.57 to 0.75) and to a lesser extent emergent macrophytes (b= 0.28 to 0.33) were the most important variables describing the habitat for the fish community at that scale. Fetch is commonly used to provide a measure of site exposure and exposure may influence fish community in several ways. According to Nixon (1988) and Randall et al. (1996) , fish production (kg ha -1
) and fish abundance may be positively correlated to mechanical energy provided by the wind. The distribution and composition of sediments depends notably on physical processes (e.g. wave action and wind) which redistribute them in different parts of lakes (Cyr 1998) . Suspended sediments can, in turn, determine the distribution and the biomass of benthic organisms (Burkholder 1992) , which may provide food resources for the fish. Fetch may also indirectly affect macrophytes growth which can in turn procure refuges to certain fish species. Intermediate fetch has a positive effect on macrophytes growth (Keddy 1983) and, as several studies have shown, macrophytes positively affect the distribution of littoral fish within a lake by increasing the fish density (Laughlin and Werner 1980; Hinch and Collins 1993; Chick and McIvor 1994; Weaver et al. 1997 ). In our study, fetch and emergent macrophytes were not correlated. They were, however, always associated with the same spatial scales (very broad and meso) in both months. Since we sampled the macrophytes and the fetch in only two occasions during the season, we may not have covered a temporal scale long enough to observe such positive relationship.
Habitats at broad scale (500 to 1000 m) were composed of heterogeneous physical substrates ranging from rocks and boulders (b= 0.21 to 0.54) to woody debris (b= 0.28) and low littoral slopes. Studies in lakes with limited growth of macrophytes have showed that rocky and woody substrates have the same ecological importance as macrophytes in structuring fish communities (Beauchamp et al. 1994; Falcon et al. 1996; France 1997) . Interstices between rocks serve as refuges against predator for small fish and benthic species (Beauchamp et al. 1994 ). According to Aumen et al. (1990) , woody debris and coarse rocky substrates positively affect nutrient recycling in providing suitable substrates for colonization by heterotrophic microorganisms and algae, thereby procuring food resources to fish.
Habitats at the meso scale were composed of organic bottom, macrophytes and riparian trees.
However, only low proportions of the variability of the community descriptors were explained by these environmental variables at that scale (R 2 = 0.05 to 0.30). The influence of wooded riparian zones on fish community have received much attention in stream ecosystems (Collares-Pereira et al. 1995; Jones et al. 1999; Stauffer et al. 2000) . In a recent study, Jones et al. (1999) found that the density of fish (number m -2 ) in streams increased with the increase of the development of the riparian forest. Wipfli (1997) suggested that leaves and insects falling from riparian vegetation into the water are trapped into interstices where they can contribute to enhance habitat quality.
According to Miller (1986) , riparian vegetation was an important determinant of primary production in a stream. It is a major source of food for stream invertebrates, and it influences the production of aquatic plants by limiting solar energy. Our study suggests that this may also be the case in the littoral zone of lakes.
Patches of high and low forecasted values of relative fish biomass and of P. flavescens, A.
nebulosus, S. atromaculatus, and F. diaphanus were associated to the fine scale, but no environmental variables could explain the spatial dependency at that scale; in the best cases, the association was weak (R 2 ≈ 0.05). Spatial structures found at fine scale may be the result of spatial autocorrelation generated by biotic processes, such as reproduction (Legendre 1993) .
Indeed, species interactions likely occur among individual neighbors at very fine scale. Several studies have suggested that the decreasing importance of abiotic factors at finer scales could indicate that the biotic factors, such as species interactions, were more important in structuring the communities at finer than at broader scales (Ricklefs 1987; Pinel-Alloul et al. 1999) . Results at finer scales could also be explained by our sampling strategy. We may not have encompassed enough abiotic variability associated to the finer scales (Weaver et al. 1996; Jackson et al. 2001 ).
For instance, some fish may have displayed patterns within the water column by taking up positions at different heights above the substrate (Werner et al. 1977) . Unfortunately, our sampling resolution did not segment the water column vertically, so that vertical segregation within the fish community could not be assessed.
Temporal scale
The fish community was similarly structured spatially in both months. The spatial component explained on average over 36% and 39% of the fish community variability in June and August, respectively. However, compared to June, the environmental variables explained a higher proportion of the variance of the fish community descriptors in August. This was particularly apparent for the broader spatial scales where the difference almost reached 25%. This result could be explained by the fact that the littoral zones of lakes are more physically structured in late summer than in the spring. Macrophyte growth in north temperate lakes reaches its maximum in August; this was also observed in our study where the density of emergent macrophytes was more than twice as high in August (average: 7.50 ± 12.70 stems m -2
) than it was in June (average: 3.25 ± 6.38 stems m -2
). Several studies have shown the positive relationship between habitat complexity and increase abundance of fish (Eadie and Keast 1984; Eklöv 1997; Weaver et al. 1997) . Colonization by heterotrophic microorganisms and algae on various substrates (e.g. macrophytes, boulders) also peaks at that period in temperate lakes (Lehmann et al. 1994) , thereby providing food resources to fish.
Species specialization
The same trends in species assemblages were observed between various spatial and temporal scales in our study. We grouped the species according to the range of spatial scales to which they were associated (Kolasa 1989) . Since different features of habitats may be described at different spatial scales, the species of broad ecological range (i.e. generalists) should be more abundant at broader spatial scales and use a wider range of spatial scales than species of narrow ecological range (i.e. specialists; Figure 7 ). This hypothesis is based on the idea that the generalists are able to easily shift and choose between different types of habitat that provide resource requirements of different qualities.
Based on the scale dependency that species displayed, we identified two functional groups in Lake Drouin. The first functional group, the cyprinids and small-size species (N crysoleucas, S.
atromaculatus, and F. diaphanus) were either associated to a wide range of spatial scales (from 450 m to 2 km), or to broader spatial scales (broad, very broad), thereby displaying more generalist distributions. They used different types of habitat, ranging from exposed sites, emergent macrophytes, and boulders. According to Morris (1987) , species sharing similar habitats should also display similar spatial patterns. This is supported by our results since N.
crysoleucas and S. atromaculatus displayed similar spatial and temporal distributions. They were associated with the same habitat characteristics: a high percentage (75%) of plant cover and the presence of woody debris and rocky substrates. Cyprinids are commonly associated to complex habitat structures, such as dense macrophyte beds and rocky substrates (Crowder and Cooper 1982; Eklöv 1997; Weaver et al. 1997) . They remain forage fish for piscivores during most of their life cycles (Lane et al. 1996) and they have the ability to utilize different types of habitat in order to exploit peaks of prey abundances and available refuges along the summer. According to Werner et al. (1977) , competition among these species is likely to occur within these habitats, at a spatial resolution beyond our sampling grain.
The second functional group was composed of species displaying 'temporal specialization'.
These species showed a specialist distribution in June and a generalist distribution in August. P.
flavescens and A. nebulosus displayed a fine-scale distribution in June and shifted to the broad scale in August. No environmental variables could explain their distributions in June, whereas in August, they were associated to rocky substrates. Both species were found in the same locations of the lake during both months. Several studies conducted on littoral fish species have found that different foraging strategies may preclude competition and favor coexistence between species (Werner and Hall 1976; Laughlin and Werner 1980) . We are not aware of other studies showing the co-occurrence of P. flavescens and A. nebulosus; however, our finding in this respect could be explained by the temporal segregation of their feeding behaviour. The black bullhead is a chemosensory bottom feeder feeding at night, whereas the yellow perch is an active, diurnal, and wideranging hunter (Werner et al. 1977) . Therefore, the two species can use the same habitat for feeding at different times of the day.
Temporal specialization was also observed for L. gibbosus. This species was associated to the meso scale in June but exhibited a multiscale distribution in August. This species is nesting in early spring. During that period, it is known to use areas of aquatic vegetation (Breder and Rosen 1966) and organic bottom such as found at the meso scale of our study. In August, L. gibbosus displayed a more generalist distribution, being associated with several habitats across the lake (ranging from low fetch / high emergent density to high percentage of plant cover / presence of riparian trees). Our observations agreed with those of Werner et al. (1977) who found that the early August distribution of L. gibbosus in Lawrence Lake was evenly spread across habitats, indicating no specific association with environmental characteristics during that period.
In conclusion, our study suggests that the littoral zone of lakes can be described as a landscape composed of multiple habitat layers of various sizes and qualities, influencing the fish community. From a practical perspective, analyses like ours may allow scientists to better plan effective sampling schemes (Sale 1998) . For instance, when information suggests that a species, such as N. crysoleucas, possesses a multiscale distribution, the use of hierarchical or stratified designs may be preferable to a single-scale approach. From a management perspective, the statistical method applied in our study may help delineate units of conservation for which management actions could be developed, in order to favor locations with high values of estimated abundance or biomass of certain species. From a fundamental perspective, our study supports the hierarchical theory of habitat, which suggests the multiscale influence of the environment on the structure of fish communities. This point of view is supported by the associations of the fish community descriptors (community composition, total fish density, and relative fish biomass) with specific environmental variables at different spatial scales. The identification of the relative importances of spatial and temporal variation in the littoral fish community may present a framework for future development of fish habitat models based on the spatial scales at which the fish are responding. It is tempting to speculate that habitat models based on variables associated to different spatial scales may improve the predictions of fish-habitat relationships because these models integrate much more information on different habitat requirements of fish species. are abundant in the filled and empty bubbles respectively; see Table 4 for details. Species codes are given in Table 1 . Abscissa: latitude N; ordinate: longitude W. Details as in Fig. 3 . 
